Two well-recognized patterns of calcification occur in large-and medium-sized arteries, intimal calcification associated with atherosclerosis and medial calcification described by Mö nckeberg. Calcification limited to the internal elastic lamina is a third pattern of calcification not previously reported in coronary arteries. Here we describe 19 cases of coronary artery internal elastic lamina calcification. We serially sectioned and examined the coronary arteries of 66 patients with advanced AIDS and 27 HIVÀ controls with other chronic illnesses. We observed calcification of the internal elastic lamina in 10 HIV þ patients and 9 controls. HIVÀ patients with internal elastic lamina calcification were significantly older than HIVÀ patients without it (P ¼ 0.008) and HIV þ patients with it (P ¼ 0.006). Occasionally, calcification encroached on adjacent intimal or medial tissue with mild fibrosis. There was frequent disruption of the internal elastic lamina but no evidence of inflammation. Calcification was the dominant histologic feature in all cases. Von Kossa, Alizarin red, and trichrome/elastic stains confirmed these findings. Patients with internal elastic lamina calcification often had extensive medical histories but did not suffer from chronic renal failure or other conditions known to cause calcium dysregulation. We describe coronary internal elastic lamina calcification in HIV þ patients and older HIVÀ adults. The clinical significance of this finding is unknown. It could lead to arterial stiffening and increased pulse pressure and could be mistaken for intimal calcification on coronary imaging. Internal elastic lamina calcification may result from premature aging due to HIV disease and chronic illness or from metabolic disorders in HIV þ patients.
There appears to be a consensus of opinion that there are two patterns of calcification that occur in large-and medium-sized arteries. [1] [2] [3] Intimal calcification is found in large arteries, including the coronaries, and is associated with atherosclerotic plaques. Medial calcification, first described by Mö nckeberg, 4 is independent of atherosclerosis and is seen primarily in the media of muscular arteries of the extremities and only rarely in the visceral or coronary arteries. There is, however, a third pattern of calcification that appears to be distinct from both intimal and medial calcification and which has received far less attention-that is, calcification limited to the internal elastic lamina.
Calcification of the internal elastic lamina has been described in association with other pathologic findings in Buerger's disease, idiopathic infantile arterial calcification, diffuse arterial calcified elastopathy, and pseudoxanthoma elasticum. Internal elastic lamina calcification has also been reported in orbital and temporal arteries. The arterial changes associated with Buerger's disease are dramatic and distinct, characterized by total luminal obliteration and marked undulation, multiplication, and delicate linear calcification of the internal elastic lamina in small-and medium-sized vessels of the extremities. These changes in the internal elastic lamina are overshadowed by inflammation and thrombosis. 5 Idiopathic infantile arterial calcification, a rare condition lethal in infancy, is associated with marked intimal proliferation and luminal occlusion as well as calcium deposition in the internal elastic lamina of medium and large muscular arteries, including the coronaries. 6, 7 Diffuse arterial calcified elastopathy, a condition leading to renovascular hypertension in children, is associated with calcification of the media, internal elastic lamina, and external elastic lamina as well as medial sclerosis and intimal fibrosis of the renal and other muscular arteries. 8 Pseudoxanthoma elasticum, a rare condition associated with characteristic skin lesions, is associated with degeneration of elastic tissue in medium-sized arteries and focal calcification of the internal elastic lamina. 9 In the orbital and temporal arteries, internal elastic lamina calcification has also been thought to be related to vascular degeneration and arteritis. [10] [11] [12] Here we describe a new finding-calcification limited to the internal elastic lamina of coronary arteries of adult patients not associated with the known disorders discussed above and to our knowledge not previously reported elsewhere.
Materials and methods
This study is part of our ongoing research into the nature of coronary atherosclerosis in HIV-positive patients. For this research, we dissected and examined the hearts of 93 total patients. Seventyeight of these were enrolled in the National Neurological AIDS Bank, a tissue repository of patients dying of advanced AIDS and other terminal illnesses. Another 15 patients were randomly selected, routine hospital autopsy cases. Sixty-six of these 93 patients were 29-to 54-year-old and HIVpositive. The remaining 27 constituted a control group of HIV-negative patients, aged 26-78 years. Because our goal was to describe coronary atherosclerosis in these populations, we sampled the coronary arteries extensively, sectioning the entire left main, the first 2 cm of the left anterior descending, the first 2 cm of the left circumflex, and the first 3 cm of the right coronary artery at 2-3 mm increments. Approximately 24 coronary artery segments were examined per patient. All of these segments were processed routinely by two different laboratories and embedded in paraffin. Each block was cut into histologic sections, stained with hematoxylin and eosin (H&E), and graded by three of the authors for the composition and severity of atherosclerotic plaques. Among other measures, coronary artery stenosis was estimated by visual inspection as the percent luminal narrowing due to atherosclerotic plaque. In 19 of the 93 patients, internal elastic lamina calcification of the coronary arteries was an unexpected finding.
In addition, we reviewed the general autopsy slides of 17 of the 19 patients with coronary artery internal elastic lamina calcification, looking for evidence of internal elastic lamina or medial calcification in systemic arteries. While the tissues sampled were extensive and the same in all patients according to the National Neurological AIDS Bank protocol, the aorta and carotid artery were the only arteries routinely sampled. Thus, the number and size of arteries visible in systemic tissue sections were not the same from patient to patient.
We also noted any general tissue pathology, paying special attention to histologic evidence of renal dysfunction, which has been linked to calcium dysregulation, marked calcification in atherosclerosis, Mö nckeberg's medial sclerosis, and calciphylaxis. 2, 13, 14 We performed von Kossa, Alizarin red, and trichrome/elastic staining on selected coronary and systemic tissue sections.
Finally, in addition to our histologic studies, we reviewed the clinical information of all 93 patients, including medical histories, medications, serum creatinine, and calcium levels where available. Student's t-test was used to evaluate differences in patient age and atherosclerotic burden.
This study received a waiver from the institutional review board. The authors had full access to the data, and take responsibility for its integrity. All authors have read and agree to the manuscript as written.
Results
The HIV-positive patients studied constituted a young to middle-aged group with an average age of 43 years. All were under 55 years of age. The HIVnegative control group included patients older than 55 years with an average age of 48 (P ¼ 0.06). Overall, we identified calcification of the internal elastic lamina in 19 patients. Ten were HIV-positive and nine were HIV-negative controls. The demographic and medical characteristics of each patient are listed in Table 1 . A comparison of patients with and without internal elastic lamina calcification can be seen in Table 2 . Patients with calcification were significantly older than those without it (P ¼ 0.004), and a greater percentage were HIV-negative (P ¼ 0.06). There was no appreciable difference in the area of luminal stenosis due to atherosclerosis between these two groups, and creatinine, BUN, and calcium levels were essentially the same.
Because the HIV-positive patients in the study group were younger than the HIV-negative controls, we analyzed these two populations separately. Fifteen percent (10/66) of the young to middle-aged HIV-positive group had calcification of the internal elastic lamina. These patients ranged in age from 36 to 51 with an average age of 41. Thirty-three percent (9/27) of the older HIV-negative group had calcification of the internal elastic lamina. They ranged in age from 27 to 78, with an average age of 58. Among HIV-negative patients, those with calcification were significantly older (P ¼ 0.008) than those without it. HIV-negative patients with calcification were also significantly older than HIV-positive patients with it (P ¼ 0.006). There was no age difference between HIV-positive patients with and without internal elastic lamina calcification. There was no significant race or sex difference between those with and without calcification of the internal elastic lamina.
Nearly all of the patients studied were suffering from chronic illnesses at the time of death, such as AIDS-related opportunistic infections, amyotrophic lateral sclerosis, or metastatic cancer (Table 1) . It is notable that several of the HIV patients in this study were hepatitis B co-infected. Among the HIV-positive patients, there was a trend toward lower CD4 counts for those with internal elastic lamina calcification (P ¼ 0.07). One patient suffered from diabetes mellitus, but none of the other patients with calcification of the internal elastic lamina was known to have chronic renal insufficiency, hyperparathyroidism, or any other condition causing long-term calcium dysregulation. Table 1 . Short-term medications at the end of life included numerous antibiotics, analgesics, and other common medications that are not listed.
Coronary Histology
In each of these 19 patients, we observed a striking calcification of the internal elastic lamina (see Figures 1-4) . Typically, the lamina was unusually prominent throughout, bearing a bright eosinophilic color on H&E-stained sections (Figure 4a and e).
Further inspection revealed areas of blue-staining calcification limited, usually exclusively, to the internal elastic lamina. In its mildest form, this calcification had the appearance of beads on a string against the background of the prominent internal elastic lamina (Figure 4e ). When the calcification was more extensive, the beads coalesced to form linear calcium deposits along the internal elastic lamina, sometimes extending for some distance around the circumference of the vessel (Figures 1  and 3 ). Although the extent of calcification varied, the great majority of affected sections had involvement of less than 25% of the total length of the internal elastic lamina. The largest of these calcium deposits not only extended linearly along the internal elastic lamina but also expanded on either side of it, encroaching on the adjacent intima and media with equal frequency but always staying centered on the internal elastic lamina. When this occurred, we noted mild fibrosis of the intimal or medial tissue surrounding the calcification (Figure 4d ). We did not find inflammatory cells or other evidence of inflammation in any of the sections. There was no abnormal intimal or medial hyperplasia except in cases of concomitant atherosclerosis. We frequently, but not always, noted gaps in the lamina and reduplication of the internal elastic lamina associated with areas of calcification (Figure 1d) , suggesting a pattern of damage and disruption of the internal elastic lamina that was particularly visible using trichrome/elastic stains. Yet, in all cases, internal elastic lamina calcification was the dominant histologic feature. In this respect, our findings are very different from those in Buerger's disease, idiopathic infantile arterial calcification, diffuse arterial calcified elastopathy, and pseudoxanthoma elasticum, where calcification of the internal elastic lamina is not the dominant feature.
In most cases, we observed internal elastic lamina calcification in multiple sections along the length of the coronary vasculature. In HIV-positive patients with this finding, 34% of the vessel segments exhibited internal elastic lamina calcification. In affected HIV-negative patients, 32% of the vessel sections had calcification of the internal elastic lamina. The left main coronary artery was involved in only one patient. When we observed calcification, we frequently noted prominence and eosinophilia of the adjacent internal elastic lamina on H&E-stained sections. Conversely, when we noticed prominence of the internal elastic lamina but not calcification, we often found internal elastic lamina calcification in other coronary sections from the same patient. Von Kossa and Alizarin red stains confirmed that calcium was present along the internal elastic lamina where it was seen using H&E, but adjacent prominent, eosinophilic areas of the internal elastic lamina did not stain for calcium. Thus, although internal elastic lamina prominence and hypereosinophilia may be early manifestations of calcification of this membrane, there is no direct evidence to confirm calcium deposition in these areas.
Many patients with calcification of the internal elastic lamina had very minimal atherosclerotic disease, whereas others had more extensive atherosclerosis and intimal calcification. HIV-positive patients with internal elastic lamina calcification had significantly less average coronary artery stenosis due to atherosclerosis than HIV-positive patients without internal elastic lamina calcification (21 and 37% luminal occlusion, respectively; P ¼ 0.02). Yet, for HIV-negative patients with and without calcification of the internal elastic lamina, this trend was reversed (38 and 26% luminal occlusion, respectively; P ¼ 0.22). In all cases, internal elastic lamina 
Systemic Histology
Examination of general autopsy slides for these patients revealed arterial internal elastic lamina calcification in the mediastinal lymph nodes of six patients, in the thyroid glands of three patients, in the adrenal glands of two patients, and in the breast and skin of one patient each. The calcification was morphologically identical to that observed in the coronary arteries, as it was limited primarily to the internal elastic lamina but occasionally extended to adjacent intimal and medial tissues. Other systemic tissues showed evidence of diagnosed clinical illnesses and cause of death. We noted minimal renal pathology in some cases but found no histologic evidence of chronic renal dysfunction.
Discussion
In this report, we describe an unrecognized, or at least not generally appreciated or reported, third form of coronary arterial calcification, namely, calcification limited primarily to the internal elastic lamina. Our findings suggest that internal elastic lamina calcification in the coronary arteries is separate from intimal calcification in atherosclerotic plaques and medial calcification described by Mönckeberg. Calcification begins on the internal elastic lamina and is most often limited to it. Subtle damage and disruption of the internal elastic lamina with associated intimal and medial fibrosis frequently accompany this calcification, suggesting that it is not a histologic artifact. Thus, internal elastic lamina calcification of the coronaries appears to be a distinct pathologic process of unknown cause and significance. Although not previously reported, it was rather common in the populations we studied. Although coronary calcification limited to the internal elastic lamina has not been described before, Mö nckeberg's sclerosis of the coronary arteries is a rare finding that has been reported previously in four cases. [15] [16] [17] One of these cases, reported by Qiao et al, 16 appears to have featured calcification of the internal elastic lamina as well as of the media. Our translations of Mö nckeberg's original paper indicate that the medial calcification he described specifically spares the internal elastic lamina. Several subsequent authors agree. 4, 11, 17 However, others maintain that Mönckeberg's sclerosis does involve the internal elastic lamina. Our recent study (Archives of Pathology and Laboratory Medicine, in press) found that Mönckeberg's sclerosis involved both the media and internal elastic lamina with calcification in all 14 of the arterial specimens we reviewed. In this study, however, we specifically noted no such cases of more extensive, Mönckeberg-type medial calcification together with calcification of the internal elastic lamina. Thus, although we speculate that internal elastic lamina calcification may be a very early manifestation of Mönckeberg's medial sclerosis, we have no direct evidence showing a continuum between these processes.
Although the cases reported here lack the extensive intimal and medial damage associated with Buerger's disease, idiopathic infantile arterial calcification, diffuse arterial calcified elastopathy, and pseudoxanthoma elasticum, they are histologically similar to internal elastic lamina calcification observed in the orbital and temporal arteries. Of 105 temporal artery segments from patients older than 50, Lie et al 18 observed internal elastic lamina calcification in 21%. Similarly, Nordborg et al artery segments they studied (all patients older than 50). In both studies, this calcification was almost always limited to the internal elastic lamina, with occasional extension into the media. Disruption and fragmentation of the internal elastic lamina were frequent findings, 18 and the calcifications bore no relationship to atherosclerotic disease. 11 Internal elastic lamina calcification has also been reported in the orbital arteries of older patients (age Z74), where calcification was found to originate on the internal elastic lamina and enlarge symmetrically into the intima and media with frequent splitting, reduplication, and disruption of the internal elastic lamina. 10 In all three studies, internal elastic lamina calcification was considered distinct from Mö nckeberg's sclerosis. Similar to our observation, it was strongly associated with increasing age (P ¼ 0.0006).
11 In Lie's study, no patient under 50 years of age had temporal artery internal elastic lamina calcification. 18 Thus, just as old age is a risk factor for intimal and medial calcification, the same seems to be true for calcification of the internal elastic lamina as reported in orbital, temporal, and now, coronary arteries. Because fragmentation and disruption of the internal elastic lamina also increase with age, 18 and because they occur together with internal elastic lamina calcification, it is possible that there is a causal relationship between internal elastic lamina injury, disruption, and calcification, or vice versa. Internal elastic lamina injury in the absence of calcification has been linked to hypertension in old age 19 and has been implicated in the initiation of intimal thickening in human arteries. 20, 21 Yet, recent research has recast vascular calcification from a mere passive consequence of aging to a tightly regulated, active process featuring a host of factors. Normally, a balance exists between promoters and inhibitors of calcification, but in chronic renal dysfunction, diabetes mellitus, atherosclerosis, and osteoporosis, as well as aging, a dysregulation of calcification can occur. 22 Each of these metabolic abnormalities is well documented in HIV-positive patients and may be due to HIV infection or to treatment with drugs such as protease inhibitors as part of highly active antiretroviral therapy (HAART). [23] [24] [25] In a recent meta-analysis, 15% of HIV-infected patients had osteoporosis, for a pooled odds ratio of 3.7 compared to HIV-negative controls. 26 In a separate study, vitamin D insufficiency (81%) and secondary hyperparathyroidism (26%) were other frequent findings among HIV patients treated with HAART for more than 5 years. 25 Osteoporosis, hyperparathyroidism, elevated calcium phosphate product, chronic renal failure, and diabetes mellitus have all been associated with medial as well as intimal calcification. 2, 22, 27, 28 Although we have little evidence of patients in this study suffering from these conditions, many were HIV-infected and heavily exposed to HAART. It is possible that untested, subclinical, or unknown metabolic disorders among the HIV-positive patients made them susceptible to damage and/or calcification of the internal elastic lamina at a younger age than HIV-negative controls. It is also possible the many medications to which these patients were exposed may have contributed to this finding.
The clinical significance of vascular calcification is not well defined, and calcification of the internal elastic lamina is no exception. Some argue that calcification of an intimal plaque predisposes it to rupture; others believe that calcification increases plaque stability. 22 For many years, Mö nckeberg's sclerosis was considered a completely benign condition; 17, 29 now it is thought to lead to increased pulse pressure, left ventricular hypertrophy, peripheral vascular disease, and altered coronary perfusion. 3, 28, 30 Increasing amounts of calcification detected by computed tomography (CT) predict the likelihood of future coronary events. 31 Yet, CT lacks the ability to distinguish between intimal and medial calcification. 32 It is not known whether internal elastic lamina calcification leads to arterial stiffening and increased pulse pressure like medial calcification or whether its presence predicts clinically significant disease. It is also not known whether CT or other imaging techniques can detect internal elastic lamina calcification or distinguish it from other types of calcification. Thus, its presence could complicate the interpretation of screening methods to estimate the severity of coronary artery disease and the risk of cardiac events. As imaging techniques become more advanced and widespread, it may become possible to diagnose this type of calcification in living patients and determine what, if any, clinical significance it may have.
Potential limitations include the select group of patients with advanced illnesses examined. Although not all patients with internal elastic lamina calcification suffered from chronic diseases, this group is not representative of the population at large. In addition, because this was an autopsy study, our ability to collect clinical information was limited to those records available at the time of death. General autopsies, although complete, did not sample arteries of the viscera and extremities systematically, so our review of systemic arteries was limited.
